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(57) ABSTRACT 

An assembly may include at least two structures having 
angled edges disposed adjacent to one another forming a first 
gap between the at least two structures. A plurality of angled 
joining members may be linear friction welded adjacent to 
one another between the adjacent angled edges of the at least 
two structures in the first gap. A second gap may be disposed 
between the plurality of linear friction welded angled joining 
members. At least one hole may be disposed at a location of 
the second gap. The at least one hole may extend into and 
between adjacent edges of the welded angled joining mem 
bers, and may extend into and between the adjacent angled 
edges of the at least two structures. A plug member may be 
rotary friction welded at least partially into the at least one 
hole. 
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SOLID STATE JOINING METHOD FOR 
CONTINUOUS STRUCTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to and is a divisional 
of U.S. patent application Ser. No. 1 1/837,372 filed Aug. 10, 
2007, which is hereby incorporated by reference. 

BACKGROUND 

0002 Often, large structures are produced from even 
larger pieces of material. For instance, a large piece of mate 
rial may be machined to remove scrap or waste material in 
order to produce the desired structure. This may lead to a large 
amount of scrap or waste material, which may be costly and 
inefficient. 
0003) A solid state method for joining structures, and a 
Solid state joined structure apparatus, is needed to decrease 
one or more problems associated with one or more of the 
existing methods and/or apparatus. 

SUMMARY 

0004. In one aspect of the disclosure, an assembly is pro 
vided. The assembly may include at least two structures hav 
ing angled edges disposed adjacent to one another forming a 
first gap between the at least two structures. A plurality of 
angled joining members may be linear friction welded adja 
cent to one another between the adjacent angled edges of the 
at least two structures in the first gap. A second gap may be 
disposed between the plurality of linear friction welded 
angled joining members. At least one hole may be disposed at 
a location of the second gap. The at least one hole may extend 
into and between adjacent edges of the welded angled joining 
members, and may extend into and between the adjacent 
angled edges of the at least two structures. A plug member 
may be rotary friction welded at least partially into the at least 
one hole. 
0005. These and other features, aspects and advantages of 
the disclosure will become better understood with reference 
to the following drawings, description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 shows a flowchart of one embodiment of a 
Solid state method for joining structures; 
0007 FIG. 2 shows a top perspective view of a plurality of 
structures to be joined using the solid state method of FIG. 1; 
0008 FIG. 3 shows a top perspective view of an angled 
joining member having angled Surfaces which may be used to 
join the structures of FIG. 2 using the method of FIG. 1; 
0009 FIG. 4 shows a top perspective view of two of the 
angled joining members of FIG.3 being disposed and welded 
adjacent to one another between adjacent angled edges of the 
structures being joined in FIG. 2 using the method of FIG. 1; 
0010 FIG. 5 shows a top perspective view of a hole being 
formed into and extended between adjacent edges of the 
welded angled joining members of FIG. 4 using the method of 
FIG. 1: 
0011 FIG. 6 shows a top perspective view of a plug mem 
ber being forced at least partially into the hole of FIG.5 using 
the method of FIG. 1; and 
0012 FIG. 7 shows a top perspective view of excess mate 

rial having been removed off the plug member and the angled 
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joining members of FIG. 6 to form a solid state joined struc 
ture apparatus using the method of FIG. 1. 

DETAILED DESCRIPTION 

0013 The following detailed description is of the best 
currently contemplated modes of carrying out the disclosure. 
The description is not to be taken in a limiting sense, but is 
made merely for the purpose of illustrating the general prin 
ciples of the disclosure, since the scope of the disclosure is 
best defined by the appended claims. 
0014 FIG. 1 shows a flowchart of one embodiment 10 of 
a solid state method for joining structures. FIG. 2 shows a top 
perspective view of a plurality of structures 12 and 14 to be 
joined under the solid state method 10 of FIG.1. The struc 
tures 12 and 14 may comprise parts of an aircraft. In other 
embodiments, the structures 12 and 14 to be joined may 
comprise non-aircraft parts. In other embodiments, any num 
ber of structures may be joined under the method 10. For 
instance, more than two structures may be joined under the 
method 10. In one step 16, angled edges 18 and 20 may be 
milled into each of the structures 12 and 14. In other embodi 
ments, varied number, shape, orientation, and configuration 
Surfaces may be machined, utilizing any known process, into 
any number of structures to be joined. In another step 22, as 
shown in FIGS. 1 and 2, the angled edges 18 and 20 of the 
structures 12 and 14 may be disposed adjacent to one another. 
A cavity 24 and first gap 26 may be formed between the 
adjacent angled edges 18 and 20 of the structures 12 and 14. 
In other embodiments, the structures 12 and 14 may be dis 
posed in varying orientations and configurations, forming 
varying shaped cavities and/or gaps. 
0015 FIG. 3 shows a top perspective view of an angled 
joining member 28 having angled surfaces 30 and 32. The 
angled joining member 28 may comprise a keystone member. 
In step 34, as shown in FIGS. 1 and 4, two identical angled 
joining members 28 and 28A may be disposed adjacent to one 
another between the adjacent angled edges 18 and 20 of the 
structures 12 and 14. The plurality of angled joining members 
28 and 28A may be disposed into the first gap 26 disposed 
between the plurality of structures 12 and 14. The angled 
joining members 28 and 28A may be disposed and aligned 
linearly between the adjacent angled edges 18 and 20 of the 
structures 12 and 14. In other embodiments, any number of 
angled joining members 28 and 28A may be disposed in 
varying configurations and orientations between the adjacent 
angled edges 18 and 20 of the structures 12 and 14. For 
instance, in one embodiment, more than two angled joining 
members 28 and 28A may be disposed between adjacent 
angled edges 18 and 20 of two or more structures 12 and 14. 
0016. In step 36, as shown in FIGS. 1 and 4, the angled 
joining members 28 and 28A may be welded in place between 
the adjacent angled edges 18 and 20 of the structures 12 and 
14 utilizing a welding member 38. The plurality of angled 
joining members 28 and 28A may be welded into the first gap 
26 disposed between the plurality of structures 12 and 14. The 
welding member 38 may comprise a linear friction welding 
member. In other embodiments, various types of welding 
devices may be utilized, and any number of angled joining 
members 28 and 28A may be welded in place between the 
structures 12 and 14. For instance, in one embodiment, more 
than two angled joining members may be welded in place to 
two or more structures. A second gap 40 may be formed 
between the welded angled joining members 28 and 28A as a 
result of the linear friction welding. In other embodiments, a 
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second gap 40 may be formed between every two welded 
together angled joining members 28 and 28A. 
0017. In step 42, as shown in FIGS. 1 and 5, a hole 44 may 
be formed into and extended between adjacent edges 46 and 
48 of the welded angled joining members 28 and 28A. The 
hole 44 may also be formed into and extend between portions 
50 and 52 of the angled edges 18 and 20 of the structures 12 
and 14. The hole 44 may be cone-shaped, and may be milled. 
In other embodiments, the hole 44 may be a variety of shape, 
and may be machined using other processes. In still other 
embodiments, there may be a plurality of holes 44. For 
instance, in one embodiment, one hole 44 may be formed 
between adjacent edges 46 and 48 of every two welded angled 
joining members 28 and 28A. 
0018. In step 54, as shown in FIGS. 1 and 6, a plug member 
56 may be forced at least partially into the hole 44. The plug 
member 56 may be cone-shaped. In other embodiments, the 
plug member 56 may have varying shapes. The plug member 
56 may be forced at least partially into the hole 44 utilizing 
rotary friction welding. In other embodiments, varying forc 
ing mechanisms may be used. In still other embodiments, a 
separate plug member 56 may be forced at least partially into 
each of a plurality of holes 44 disposed between adjacent 
edges 46 and 48 of a plurality of welded angled joining 
members 28 and 28A. 
0019. In step 58, as shown in FIGS. 1 and 7, excess mate 
rial 60 may be removed off the plug member 56 and the 
angled joining members 28 and 28A using a removal device 
61 to form a solid state joined structure apparatus 62. In one 
embodiment, the excess material 60 may be milled off. In still 
other embodiments, the excess material may be machined off 
using varying mechanisms. 
0020. By using two or more joining members 28 and 28A 
and one or more plug members 56, two or more structures 12 
and 14 may be joined in order to produce a solid state joined 
structure apparatus 62 comprising a large continuous struc 
ture while limiting the amount of scrap or excess material 60. 
In Such manner, a continuous structure of any size, orienta 
tion, configuration, and shape may be produced by using a 
pre-determined combination of joining members 28, plug 
members 56, and structures 12 and 14 in the appropriate 
numbers, sizes, shapes, orientations, and configurations. 
0021. In another embodiment, as shown in FIG. 7, a solid 
state joined structure apparatus 62 may include the following: 
a plurality of structures 12 and 14 having angled edges 18 and 
20 disposed adjacent to one another; a plurality of angled 
joining members 28 and 28A disposed adjacent to one 
another and welded between the adjacentangled edges 18 and 
20 of the plurality of structures 12 and 14; at least one hole 44 
formed into and extending between adjacent edges 46 and 48 
of the welded angled joining members 28 and 28A, and a plug 
member 56 at least partially forced into the at least one hole 
44. The plurality of structures 12 and 14 may comprise parts 
of an aircraft. The angled edges 18 and 20 may have been 
milled into the plurality of structures 12 and 14. 
0022. The plurality of angled joining members 28 and 28A 
may comprise keystone members which are disposed and 
welded linearly, using linear friction welding, between the 
adjacent angled edges 18 and 20 of the plurality of structures 
12 and 14. The plurality of angled joining members 28 and 
28A may be disposed and welded into a first gap 26 disposed 
between the plurality of structures 12 and 14. Theat least one 
hole 44 may be a cone-shaped hole formed by a milling 
process. The at least one hole 44 may have been formed into 
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at least one second gap 40 disposed between the welded 
angled joining members 28 and 28A. The plug member 56 
may be cone-shaped, and may have been at least partially 
forced into the at least one hole 44 utilizing rotary friction 
welding. 
0023 Excess material 60 may have been removed off the 
plug member 56 and the angled joining members 28 and 28A. 
The excess material 60 may have been milled off the plug 
member 56 and the angled joining members 28 and 28A. In 
other embodiments, more than two angled joining members 
28 and 28A may be disposed and welded between adjacent 
angled edges 18 and 20 of a plurality of structures 12 and 14, 
more than one hole 44 may be formed into and extended 
between adjacent edges 46 and 48 of the welded angled 
joining members 28 and 28A, and a separate plug member 56 
may be at least partially forced into each of the holes 44. 
0024. It should be understood, of course, that the forego 
ing relates to exemplary embodiments of the disclosure and 
that modifications may be made without departing from the 
spirit and scope of the disclosure as set forth in the following 
claims. 

1. An assembly comprising: 
at least two structures having angled edges disposed adja 

cent to one another forming a first gap between the at 
least two structures; 

a plurality of angled joining members linear friction 
welded adjacent to one another between said adjacent 
angled edges of said at least two structures in the first 
2ap 

a second gap disposed between the plurality of linear fric 
tion welded angled joining members; 

at least one hole disposed at a location of the second gap, 
the at least one hole extending into and between adjacent 
edges of the welded angled joining members, and 
extending into and between the adjacent angled edges of 
said at least two structures; and 

a plug member rotary friction welded at least partially into 
said at least one hole. 

2. The assembly of claim 1 wherein excess material is 
removed from the plug member and the angled joining mem 
bers. 

3. The assembly of claim 2 wherein the removed excess 
material comprises milled excess material. 

4. The assembly of claim 1 wherein the angled edges are 
milled into said at least two structures. 

5. The assembly of claim 1 wherein said at least two struc 
tures comprise parts of an aircraft. 

6. The assembly of claim 1 wherein the plurality of angled 
joining members are linearly welded between said adjacent 
angled edges of said at least two structures. 

7. The assembly of claim 1 wherein the plurality of angled 
joining members are keystone members. 

8. The assembly of claim 1 wherein the at least one hole is 
cone-shaped. 

9. The assembly of claim 1 wherein the at least one hole is 
milled. 

10. The assembly of claim 1 wherein the plug member is 
cone-shaped. 

11. The assembly of claim 1 wherein more than two angled 
joining members are linear friction welded adjacent to one 
another between said adjacent angled edges of said at least 
two structures in the first gap, more than one hole is disposed 
at the location of the second gap extending into and between 
the adjacent edges of the welded angled joining members and 
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extending into and between the adjacent angled edges of said 
at least two structures, and separate plug members are rotary 
friction welded at least partially into each of said holes. 

12. The assembly of claim 1 wherein the assembly com 
prises a Solid state joined structure. 

13. The assembly of claim 1 wherein the plug member is 
rotary friction welded against each of the adjacent linear 
friction welded angled joining members and against each of 
the adjacent angled edges of the at least two structures. 
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14. The assembly of claim 13 wherein the plug member is 
rotary friction welded to each of the adjacent linear friction 
welded angled joining members and to each of the adjacent 
angled edges of the at least two structures. 

15. The assembly of claim 1 wherein the at least two 
structures comprise varying sizes or shapes. 

16. The assembly of claim 1 wherein sizes or shapes of the 
angled joining members are varied. 
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